Marine fungi producing antifungal compounds were screened against Pyricularia oryzae (P. oryzae), and a metabolite of marine fungus M-3 isolated from layer (Porphyra yezoensis) showed potent activity. Novel diketopiperazine (1) was isolated from the culture extracts, and its structure was elucidated by spectroscopic methods. The MIC of 1 against P. oryzae was Rice blast, caused by Pyricularia oryzae (P. oryzae), is generally considered to be the most serious fungal disease of rice because of its widespread distribution and destructiveness1). The pathogenic fungus directly penetrates into the rice plant from a cellular structure called an appressorium formed at the tip of the germ tube. In addition, the fungus can attack any aerial part of the rice plant, including seeds, in which the fungus may overwinter for several years2). A continuous effort has been made to control this disease, especially by using fungicides3) and breeding cultivars resistant to the disease4). However, these fungicides adversely effect the quality of the rice production and the environment. Moreover, breeding rice in consecutive use also causes differentiation of natural P.
oryzae strains, which in turn cause the emergence of a new mutant.
Recently, pollution problems in the environment and the toxic effects of synthetic chemicals on non-target organisms have prompted investigations on exploiting pesticides of plant origin. Therefore, an environment-friendly method with biocontrol agents is recognized as an alternative approach to control rice blast5,6). The use of natural fungicides and biological control by antagonistic microorganisms are plausible ways to take this approach7 Optical rotation was determined with a Horiba SEPA-300
polarimeter. IR spectra were obtained with a JASCO FT-IR 7000 spectrophotometer.
Isolation of Fungi from Layer
Marine fungus M-3 was isolated from layer (Porphyra yezoensis) taken from the coast at Huttsu city, Chiba, Japan. A small piece of the layer was washed twice each with 2ml chloramphenicol in a sterilized test tube, and then steeped in the same solution 4ml for 24 hours in a sterilized mycelia were transferred to an agar plate (glucose 2%, polypeptone 1%, yeast extract 0.5%, chloramphenicol and the mycelia grown to the edge of plate was inoculated into a plate of 1/2 potato dextrose agar (a half nutrient, 50% seawater).
Fermentation, Purification of Antifungal Compound
The seed culture of marine fungus was preformed by inoculating mycelial fragments of strain M-3 into 100-ml
Erlenmeyer flasks containing 30ml of 1/2 potato dextrose transferred into each 1-liter Erlenmeyer flask containing 300ml of 1/2 potato dextrose medium (total 3 liters) at
The culture broth (3 liters) was added to 3 liters of 80%
(v/v) acetone, and then agitated using a magnetic stirrer for 1hour at room temperature (Fig. 1) . After the acetone aqueous solution was extracted three times with 1 liter of ethyl acetate. The ethyl acetate extract was concentrated in vacuo. The ethyl acetate extract was submitted to preparative TLC (PTLC) (glass plates, 0.5mm silica gel 60 F254, Merck, Darmstadt, Germany). After development in hexane-acetone (7:3), the PTLC plate was divided into fourteen sections from top to bottom, which were scraped off the plate. TLC fractionates were eluted from the silica with chloroform-methanol (1:1) and the eluates were fractions were dissolved in methanol and tested for antifungal activity using a 96-well micro-plate bioassay.
The active fraction obtained from the PTLC was further purified by reverse-phase HPLC (Develosil ODS-HG-5 Japan). The column was eluted at a flow rate of 9ml/minute using 70% methanol, monitoring at 210nm. The antifungal activity of individual peaks was measured.
Antifungal Assay
The assay was performed by the method of KOBAYASHI et al.8). P. oryzae was grown on a slant culture medium consisting of yeast extract 0.2%, soluble starch 1% and agar of inoculation by suspending in sterilized water. The suspension was filtered to separate conidia from mycelia. To the filtrate was added a 2% solution of yeast extract, which was adjusted to the concentration of 0.02% yeast extract with sterilized water. For the quantitative estimation, an aliquot of the conidia suspension was taken on a microscope to count a number of conidia before adding conidia/ml by adding sterilized water.
A 96-well micro-plate was used for the bioassay.
Rhizoxin was used as the positive control with the final concentrations of 740nM, 250nM, 82nM, 27nM and 9nM.
One column of the 96-well micro-plate was used for one test material with eight different concentrations. The assay mycelia germinated from conidia was observed and compared with controls under an inverted Microscope (TMS, Nikon Co., Tokyo, Japan). The ethyl acetate extract from the culture broth of M-3 was concentrated in vacuo to obtain the dry yield (86mg).
The extract was fractionated with PTLC glass plates. The PTLC fractions were divided into fourteen sections from top to bottom (fraction 1 to 14), which were scraped off the plate. Among the antifungal activity of the each PTLC fractions against P. oryzae, fraction 10 (Rf, 0.19) showed and yield was 3.9mg. The active fraction 10 obtained using PTLC was fractionated by reverse-phase HPLC. The MIC and the yield was 0.8mg.
The structure of 1 was determined using IR, FAB-MS and NMR. The physicochemical properties of 1 are summarized in Table 2 . In the IR spectrum, 1 showed multiple amide absorptions at 1670 and 1660cm-1. These findings, in the absence of the amide II band near 1550 cm-1 suggest the presence of diketopiperazine system. 
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